Problem arises with increased probability of devices choosing the same number of backoff period (BPs). In return, this problem affects the channel utilization and packet collisions. In this paper, we proposed an efficient and adaptive backoff algorithm (EBA) to minimize the collisions among the contending nodes. While CSMA-CA delays for a limited number of backoff ranges, EBA is designed to enhance the performance of CSMA-CA by choosing the appropriate window size based on the collisions determined by the node. Furthermore, to increase the efficiency of EBA we split the backoff period into sub-backoff period called temporary backoff (TB) and next temporary backoff (NTB). During the implementation of EBA, the node choose the TB and NTB value randomly which is represent 10% to 50% of the actual backoff delay value instead of choosing backoff exponent (BE) randomly as in the standard. In this case, we decrease the probability of choosing the same number of backoff exponent randomly selected by nodes and minimize the probability of collision. Hence, we give better opportunities for successful packet transmissions. Simulation results demonstrated and compared the performance of EBA with that of IEEE 802.15.4 standard. According to the results obtained, EBA achieved better performance than the 802.15.4 standard in terms of throughput, delivery ration, and power consumption.
INTRODUCTION
Wireless Sensor Networks (WSNs) have increased and gained researchers attention due to the advances of MicroElectro-Mechanical System (MEMS) technology [1] . Medium Access Control (MAC) protocol plays a vital role in the performance of WSNs. IEEE 802.15.4 is the global standard MAC protocol designed to achieve the characteristics of low power and low rate for wireless personal area networks (LRWPANs) [2, 3] . The standard defines the specifications of the PHY and MAC sub-layer to meet the requirements of sensor networks [4] . There are two different procedures for channel access methods that the standard can operate: a beaconenabled mode and a nonbeacon-enabled mode. The first mode uses the slotted version of carrier sense multiple access with collision avoidance (CSMA-CA) mechanism while unslotted CSMA-CA utilizes by the nonbeacon-enabled mode. This paper focuses on the beacon-enabled mode. However, to access the channel, the slotted CSMA-CA uses the Binary Exponent Backoff (BEB) algorithm for contention period. To meet the energy efficiency requirements in the IEEE 802.15.4 network, BEB uses blind backoff process [5] . In this algorithm, when the nodes have a data to transmit, the node has to wait for a random amount of time called backoff period. The backoff period is selected in range [0, 2 BE -1], where BE is the backoff exponent that determine the number of backoff period the device shall wait before trying to access the wireless medium [4] . During channel access procedure, the CSMA-CA algorithm is allowed to use a very small range of BE (macMinBE -aMaxBE), where the minimum BE is indicated by macMinBE = 3 and the maximum by aMaxBE = 5. This limited number of BE allowed by the standard increases the probability of devices choosing the identical number of backoff period and this brings more collisions among the contending nodes. The inefficiency in system performance has been shown by our simulation results.
Our proposed algorithm is implemented and simulated in ns2 to compare its performance with the original 802.15.4 standard. The rest of the paper is organized as follow. In section II, we review the recent literature for research contributions that targeted on modifying the 802.15.4 standard. Section III provides an overview of the beaconenables IEEE 802.15.4 as well as BEB algorithm. In section IV, we describe the new EBM algorithm. Section V describes the simulations we conducted to analyze the performance of our proposed algorithm. Finally, the conclusion and future work is provided in Section VI.
II. RELATED WORK
Many backoff algorithms have been proposed to enhance 802.15.4 performance and to solve the above-mentioned problems in terms of different performance parameters like throughput, delay, delivery ratio, and energy consumption. In [6] , the authors propose an extension to 802.15.4. Their enhancements target on how to achieve efficient power saving as well as reliability and channel utilization in WSNs. Basically, during channel access procedure, the nodes try to access the wireless medium to initialize transmitting its packets. Once a node captures the medium and completes sending the packets, the node should enter standby state for some duration of time denoted as L SB . The details of calculating L SB can be found in [6] . This behavior can achieves power saving and effectively reduce the number of contending nodes in the network and thus reduce the level of collisions. On the other hand, the simulation results show the performance of Stanby state only without comparing its results with 802.15.4 standard or any other algorithm.
In [7] , the knowledge-based Exponential Backoff (KEB) scheme is proposed. The authors proposed KEB algorithm to enhance throughput and channel utilization based on channel state information locally to each available node. In addition, the Exponential Weighted Moving Average (EWMA) scheme is used to compute the collision rate at any time. Backoff exponent decrease or increase based on the level of collision low or high compared with a predefined threshold. Analytical model by using Markov Chain model have been proposed to simulate KEB and compare its performance with BEB. The simulation and analytical results show the improvement of KEB's performance in terms of saturation throughput.
In [8] , The authors tackle the packet collision's problem during the slotted CSMA-CA period and introduced two novel mechanisms to enhance energy efficiency and throughput of beacon-enabled mode 802.15.4. These mechanisms are enhanced collision resolution and enhanced backoff. The first mechanism focuses on adjusting the range of backoff exponent (BE) based on both clear channel assessment results and packet transmission while the second mechanism proposes enhancement to the backoff period by shifting the range of backoff counters to reduce unneeded backoff durations. However, their details can be found in [8] . Through this work, simulation results shown that CSMA-CA was not properly design for some characteristics and can be improved by the above mentioned mechanisms.
A delayed backoff algorithm (DBA) has been proposed in [9] . In this algorithm, the authors proposed a suitable backoff period. A long backoff time effect on channel utilization and consume a lot of energy while the small one causes high collision rate. The idea behind DBA is that; instead of choosing the backoff time randomly, the coordinator will assigns different backoff time to each competing nodes during the communication medium. In addition, DBA consists of two different stages: bakoff period assignment stage and data transfer stage. For more details on these two stages, you can refer to [9] . Moreover, the results show that the proposed algorithm can effectively reduce the power consumption and increase the system throughput under different network load.
III. IEEE 802.15.4 STANDARD
According to the characteristics of IEEE 802.15.4 [4] , The 802.15.4 standard defines the specifications of both the PHY layer and the MAC sub-layer for low rate wireless personal area networks (LR-WPANs). The standard is designed to achieve some key features such as low cost, low power, and low data rate transmissions [10] . Furthermore, 802.15.4 supports two types of network topology. They can form a star (single hop) and per-to-peer (multihop) topologies. In a star topology, a PAN coordinator can communicates with the nodes to establish and maintain the transmission. In peer-topeer topology, nodes and coordinator can talk to each other and route their data within the transmission range. Several peer-to-peer networks can work together to form an extra network topology; mesh/cluster tree topologies.
A. Superframe Structure
The IEEE 802.15.4 network can works on two different channel access procedures: a beacon-enabled mode and a nonbeacon-enabled mode. The beacon-enabled mode uses superframe structure (see Fig. 1 ) to organize packet's transmission over the wireless medium. The superframe is bounded by a special synchronization frames send by coordinator node which is called beacons. A superframe begins and ends with a beacon frame as shown in Fig. 1 . The active period (SD) is also divided into three parts: a beacon, a contention access period (CAP), and a contention free period (CFP). These three parts contains 16 time slots same in length and size. Any device wants to access the channel and communicates during the CAP; a slotted CSMA/CA mechanism is used. On the other hand, the CFP contains a number of Guaranteed Time Slots (GTS) which is the communication happens in a Time-Division Multiple Access (TDMA) technique. There is no superframe in the nonbeacon-enabled mode, devices are always active and unslotted CSMA/CA algorithm is used for channel access. 
B. CSMA/CA Algorithm
The CSMA/CA algorithm is used in both the beaconenabled mode and the nonbeacon-enabled mode. This paper focuses on the beacon-enabled mode only which is Slotted CSMA/CA scheme is used. During the CAP, the slotted CSMA/CA works as follow. Before starting the transmission, a set of three variables is initialized, the contention window size (CW =2 during the initialization and each time the channel assessed to be busy), the number of backoff stages (NB = 0), and the backoff exponent (BE initialized to the standard parameter macMinBE). After that, a node delay for a random backoff period (BP) choosing in range [0, 2 BE -1] slots. Once the backoff timer expires to reach zero, the node start performing the first clear channel assessment (CCA1) to detects channel condition. If the channel is found idle, another CCA which is CCA2 is performed again. If the channel is found idle again, the node starts to transmit its data and wait the coordinator to send acknowledgment packet. Conversely, if either CCA1 or CCA2 detects a busy channel, it will increase the value of BE and NB by one. BE and NB can reach to their maximum values which are aMaxBE, and macMaxCSMABackoffs respectively. If BE exceed its value, it will reassign again in range [0, 2 BE+1 -1], while the transmission will fail and the packets will discard if NB reach to macMaxCSMABackoffs as shown in Fig. 2 .
IV. EFFICIENT BACKOFF ALGORITHM
In WSNs, Most of contention-based MAC protocols use inefficient random backoff mechanism to reduce the collision among the contending nodes. During channel access, CSMA-CA mechanism allows to use a very limited number of backoff exponent (BE) used by devices. This increases the probability of devices choosing the same number of backoff period causing collision among nodes. To solve this contention problem, a novel efficient backoff algorithm (EBA) is proposed which is aimed to resolve the collision problems based on two important principles. Firstly, EBA update the contention window (CW) size based on the probability of collision (Pcoll i ) parameter. In other words, when the number of nodes increases in the network, the Pcoll i will increase as well, so we used Pcoll i to adapt the CW size accurately. Hence, nodes delay for an extend period of time to give the nodes better performance by reducing the contention among them. Secondly, we also divided the backoff period into two subbackoff periods called temporary backoff (TB) and next temporary backoff (NTB). TB is the first half of these two sub-backoff periods. In this case, nodes not only select the BE randomly like CSMA/CA rather than they chose the TB and NTB value randomly within 10% to 50% of whole backoff delay value selected by the device. By using these two methods, EBA can minimize the probability of access collision and reduce the probability of choosing the identical BE as well as TB and improved the overall system performance as we mentioned later in this section. TB and NTB can be calculated as following.
Where the TP is the unit Temporary Period and it is equal to (10, 20, 30, 40, and 50) , Backoff is the value of backoff delay selected by nodes. The value of Backoff can be computed as follows. Where the UBP is unit backoff period which is represent the number of symbols forming the basic time period, and CW i is the contention window at time i selected by node, maxCW is the maximum contention window of IEEE 802.15.4 (set to TB = (Backoff * TP) / 100
Back off = CW
(1) 2 macMaxBE ), and Pcoll i is the probability of collision at time i and it is initiated by 0.6 at the beginning of EBA algorithm and its value will updated according to node's collision.
The EBA algorithm works as follow. When the node has a packet to transmit it first initialize the three variables; NB=0, BE=macMinBE, CW=2, and maxCW=2 maxBE . Since the node has not sent any packet yet, the Pcoll i is assumed to be 0.6. The backoff period is represented by Equation (2) which differs from that in CSMA/CA. Then, the node delays for a random temporary backoff (TB) in range 10% to 50% of the random backoff delay value and according to Equation (1) . The idea here is to reduce the probability of choosing the same number of BE and here is the TB. After completing the random selection of TB, the node performs the first clear channel assessment denoted as CCA1 to detect channel condition. If the channel is idle, the node sends its data directly to the coordinator. Otherwise, the node delays for the next random temporary backoff (NTB) as indicated in (4). Upon completing the NTB period, the node once again performs the second CCA which is CCA2 for data transmission. If the channel is assessed to be free, transmission to the receiver resumes, otherwise the node performs the backoff process by increasing the value of BE and NB by one. When NB reaches to its maximum value, which is greater than macMaxCSMABackoffs, the transmission terminates with channel access failure; otherwise the contention window will be updated according to the level of collision detected by node (3). In this case, when the level of collision increases in the network (5), the CW size will increase as well (3) and nodes tend to backoff for extended time (2). This will give better system performance by decreasing the contention among nodes and increasing the probability of successful packet transmission. On the other hand, as the access collision decreases in wireless medium, the duration of backoff period will be short. This reflects in better power efficiency and channel utilization. The results of the proposed algorithm shows enhanced system performance and network contention than IEEE 802.15.4 standard, which is presented in the next section.
V. PERFORMANCE ANALYSIS
In this section, we simulate the proposed EBA algorithm based on 802.15.4 module originally provided in the simulation tools ns2 [11] . In our simulation, each node transmits the data packet to the central PAN coordinator by the mean of one way communication from the node to the coordinator. Our network is simulated by using star topology with 15 nodes and 8 CBR traffic. All sensor nodes are placed in a circle around the coordinator with 10m distance far from it. The packet size is assumed to be 70Bytes. We depend on parameters setting in [12] . As our experiment only considered a beacon-enabled 802.15.4 mode, we set BO=SO (i.e., the superframe consists of active period without CFP or inactive period). By using only the active period, the nodes can follow the slotted CSMA-CA mechanism for channel access. In order to simulate the performance of power consumption, we consider the radio parameter for different state of ZMD chip, ZMD44101 transceiver, where the transmitting power, the receiving power, and the idle power are 31mA, 27mA, and Simulation has been run for 100 times to evaluate the performance metrics. However, Table I shows the simulation parameters that are conducted in our simulation. For performance analysis, metrics like throughput, delivery ratio, and power consumption have been measured as a function of transmission rate and compared against IEEE 802.15.4 standard. Figure 3 and 4 show the throughput and delivery ratio against traffic load, respectively. Comparison between 802.15.4 standard and EBA is shown. EBA can increase the throughput and delivery ratio according to the traffic load because of the reduction of collisions rate and the probability of two nodes choosing the same number of backoff exponent is decrease as well. However, both throughput and delivery ratio for 802.15.4 and EBA are the same at low traffic approximately until 1 packet/second when the network is free from congestion. As the traffic generation increases, more nodes try to access the channel causing access collision due to choose the same backoff interval since the maximum range of backoff exponent in IEEE 802.15.4 standard is 5, the nodes delay for this value in range [0, 2 5 -1] unit backoff periods. Therefore, the probability of collision is high. Thus, the proposed algorithm resolves this problem and significantly reduces the level of collision because of choosing TB and NTB randomly as explained before and shown in Fig. 3 and 4 . In case of energy consumption, Figure 5 shows the analysis of energy used as a function of traffic load. During the initial operation, the two methods show similar performance and consume the same level of power for low traffic load as they work within congestion area. The energy consumption will linearly increase specifically from 1.2 to 1.6 packets/second traffic load. This increasing happens due to network ability to service more packets. However, by applying EBA, the power consumption of sensor nodes will not increase rather than it becomes stable and less than that of using the traditional CSMA/CA mechanism. The improvement in power performance is due to minimize the number of packets drops as well as collision probability by using EBA. At higher traffic load more than 1.6packets/second, the amount of energy consumption remains the same for both 802.15.4 and EBA. In this case, network refuses to service more packets and the amount of power reaches its maximum value of 0.4% of the energy used.
It can be seen clearly from the results that the proposed algorithm comparing to 802.15.4 standard, improves the system performance by increasing the network throughput and delivery ratio at higher traffic generation due to reduce the number of collision in the network. In case of power consumption, EBA also consumes less energy due to less collision because of choosing an efficient random backoff delay by inclusion temporary backoff TB and next temporary backoff NTB respectively.
VII. CONCLUSION
In this paper, we designed a novel efficient backoff algorithm named EBA to enhance the performance of the CSMA-CA algorithm in WSNs. The proposed algorithm is compared with the existing CSMA-CA mechanism in IEEE 802.15.4 standard. It is shown from the results that EBA observes substantial improvement over the 802.15.4 standard for different traffic load. Specifically, EBA is achieved enhancement in network throughput and delivery ratio by 29% and 26% respectively compared to the original 802.15.4. Moreover, improvement is achieved with minimizing energy consumption by approximately 10% compared to the system without EBA. In addition, the proposed algorithm can be developed to include mathematical model for other network scenarios. In future work, EBA may be considered for measuring and comparing the energy consumption performance under different scenarios. 
